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INTRODUCTION 
The process of tissue culture has been in existence for several 
years and it has been carried out in a variety of ways (31). This 
study was made on the culture of carrot leaves (var. Danvers) with 
the use of various media and the auxin Tordon in an attempt to 
induce embryo formation in liquid culture. 
It is generally considered that Haberlandt in 1902, was the 
first person to introduce plant tissue culture. White (36) does not 
consider this to be the case, however. According to White, Haberlandt 
and the investigators that followed him, really cultured organs. He 
considers tissue culture to be the growth of isolated somatic cells 
in vitro. It is not the rearing of an already differentiated embryo 
which has been removed from its natural environment. Organ culture 
is important because of the way it has been carried out and the medium 
and other materials that have been developed. In organ culture the 
elements required for growth are essentially the same as tho$e 
required to grow a whole plant. Water culturing of plants was the 
beginning of the development of the required elements for the 
culturing of plants, organs, and tissue (31). There have been 
various different types of media developed for the culturing of 
plants and plant parts. Fern primordia can be grown on a rel-
atively simple medium (20). White (37) modified Uspenski' s medium 
for his own use for growing callus. White's medium has been used 
in the culture of liquid medium cultures (23, 1). Murashige et. al. 
(16) modified White's basic medium and they grew tobacco callus on 
the medium. In one instance they grew 35 grams of callus from 50 ml 
of medium and at that point they believed that the available water 
became limiting to the tissue's growth. Murashige and Skoog's 
medium produced the best growth in the culturing of Endive tissue 
(34). Sun (28) used both M'urashige and Skoog's and Hoagland's medium 
in the culture of carrot tissue. 
Heller's medium has also been used in tissue culture. Tobacco, 
sunflower and carrot callus have been cultured on Heller's basic 
medium (20, 19). Smithers and Sutcliffe found Heller's medium to be 
superior to White's in the culturing of c�rrot tissue (19). 
Carrot tissue itself has been cultured extensively and in many 
different ways. ·cautheret and Nobecourt (39) were the first ones to 
grow carrot tissue cultures and Nobecourt grew and transferred a 
carrot culture for nine years. Halperin ana Wetherell (5, 7) 
cultured tissue from roots, petioles and umbellet peduncles of wild 
carrot (Daucus carota). All the cultures were started on a solid 
basal medium. When root tissue is used some cambial tissue is 
usually incorporated into the piece to be cultured (39, 13). Caplin 
and Steward (1) cultured carrot root tissue in flasks which contained 
liquid. The flasks were placed on a wheel and rotated at one rev­
olution per minute. The reason for this was to expose the culture 
to adequate air and medium at the same time. Steward and Bidwell 
(25) grew carrot tissue for the purpose of testing metabolism, 
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resp.iration and growth of cultured cells. They found that the 
protein composit�on in the cultures is fairly constant at all 
times despite the difference in growth. 
Carrot culture, when grown in or ·transferred to a liquid 
cu_lture containing adequate medium, has a tendency to form embryos 
or em�ryo�like structures. Usually the hormone concentration is 
lowered in the liquid medium_and at that point the embryos will 
form (7). -In some cases, if the callus is· transferred to liquid. 
medium, the hormone will be _ completely left out of the liquid 
medium. Embryo's are much harder to form in domestic carrots than 
in wild carrots (5). After embryos have developed they can be 
transferred back to a basic medium and roots and shoots will 
develop (24). Sometimes the roots develop while the culture is still 
in the liquid medi_urn, but the shoots will not form unless the 
embryos are placed on a solid medium (34) •· It is thought that while 
in the liquid medium the single cells that are produced in the 
suspension have the ability to behave independently (22). These 
single cells will develop into embryos and when placed on the basic 
medium will develop into new plants. These plants will be 
genetically identical to the parent plant and will reproduce sexually 
(21). 
Tissue culture has been carried out at various temperatures 
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and light conditions. Some callus is grown under controlled conditions 
(23). Other callus is grown at room temperature and lighting (37, 28). 
Some callus have been grown in the dark. Caplin (3) grew tobacco 
in the dark and it is thought that parsley root, derived from culture 
tissue, will develop better in the dark (35). Artichoke cultures 
have also been grown in the dark (40). Cultures of carrot grown in 
the dark become pale white while cultures grown in the light are 
green in color (1). Endive culture grew best at a constant lighting 
of 200 foot candles of light (34). -
Tobacco callus grew best in a range of temperatures from 26 to 
32 degrees Centigrade, while sunflower grew best at 24 to 28 degrees 
C (9). The optimum temperature for growing Datura stramonium is 
32 degrees C (32) and endive grew best at a temperature of 55 degrees 
C plus or minus 2 degrees (34). Other cultures were grown at 
their optimum temperatures (40). 
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All pH's in the cultures reviewed were slightly acidic. Carrots 
have been cultured on a medium with pH's of 5. 2 and 5. 6 to 5. 9 (2, 19, 
28). Datura stramonium grew best on a pH of 5. 5 (32). Hildebrandt 
et. al. (9) studied the optimum pH's for both sunflower and tobacco. 
The optimum pH for sunflower was from 5. 5 to 5. 9 and as the culture 
aged the final pH was increased to 6. 0 to 6. 4. Tobacco cultures also 
increased the pH as they aged. The initial optimum pH range was 5.0 
to.5. 4, but the final pH was 5. 5 to 5. 9. The pH also increased as 
the culture grew when Smithers and Sutcliffe (19) checked the pH 
on carrot · cultures. 
Sucrose may also be used in the medium with concentrations 
of sucrose varying according to the tissue that is grown. It is 
known that the omission of sucrose will retard or eliminate callus 
growth (10) and concentrations of 16 per cent or more will inhibit 
the growth of tobacco or sunflower cultures. Some tissues will 
grow on concentrations of 4 to 8 percent, but the best growth 
occurred on concentrations �f 0. 5 to 2 per cent (9). Murashige and 
Skoog (16) decided an optimum sucrose concentration for tobacco 
tissue culture is 3 per cent. Concentrations of 1 to 3 per cent 
were the most widely used for tissue culture (23, 10, 18, 16, 9, 28). 
Van Overbeek et. al. (32) found that sucrose was a much better 
carbohydrate than dextrose. Changing the amount of sucrose will also 
change the growth rate of cultures (10). 
It has been found that the growth of callus occurs in phases 
and the addition or omission of some materials will change the 
growth rate. Artichoke cultures were found to grow in phases (41) 
starting with a lag phase, exponential phase, another lag phase, 
and so on. Yoeman et. al. (40) found that growth occurred in three 
distinct phases. First was a lag phase, second came an exponential 
phase, and lastly was a dedifferentiation stage. White (37) grew 
callus for 40 weeks and it increased three-fold every week but the 
changes in the rate could be due to the lack of oxygen at certain 
times (3). When dedifferentiation takes place embryogenesis may 
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take place also (21). It has been found that ammonium ions have 
to be present before this type of dedifferentiation can occur (6). 
The auxin Tordon was used in this study as a hormone in the 
tissue culturing of the domestic carrot. There is no literature, 
as far as the author knows, pertaining directly to the use of 
Tordon as a hormone for tissue culture • 
. Eisinger (4) worked with Tordon as a growth stimulator of 
beans and various other plants. He found that Tordon created 
twisting in dicots somewhat similar to 2, 4-D. Maximum growth of 
mung been hypocotyl occurred at a concentration of 5 X 10-S M. , 
while 1 X 10-7 M. created the best growth in the mung bean epicotyl. 
-6 Any concentration above 5 X 10 M. was toxic to the bean epicotyl. 
The treated shoots had areas of stem swelling, reduced stem pigment 
and epinasty of the leaves. It was also found that the Tordon was 
very mobile in the plant and it also is resistant to breakdown. 
Canada thistle was treated with both 2, 4-D and Tordon to get 
a comparative analysis of the differences between the two hormones 
(2). Tordon was more toxic to the plants but it had less effect 
on the leaf breakdown. Leaf sections were made at periods of seven 
and fourteen days. The leaves from the Tordon-treated plants showed 
no visible breakdown while the 2, 4-D treated plants had much break­
down of cells in the leaves. The higher toxicity of Tordon was due 
to its higher activity on the below-ground parts of the Canada 
thistle. 
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Tordon in every case reviewed was more toxic than 2, 4-D (4, 8, 
12, 11, 38). It is also slow to breakdown in the soil. In 
sterilized soil, the breakdown of Tordon is almost eliminated (42). 
Water in high concentrations increased the breakdown of the Tordon, 
but a highly water saturated soil slowed the breakdown of Tordon. 
In this study an increase in temperature and an increase in ?rganic 
matter increased the breakdown of the auxin. The pH of the soil 
did not effect the de�omposition. 
Growth regulators similar to Tordon have been used in the 
process of tissue CQlture. The herbicide 2, 4-D has been used on 
various types of plants (31, 26, 23, 24, 7 ,  5,  35,  28) and together 
with IAA (2, 34, 28) and NAA (28, 21) have been used in tissue 
culturing. Various concentrations of these regulators have also 
been used. The different concentrations depend on which growth 
regulator is used and also what it is used on. Concentrations of 
1-2 ppm of 2,4-D (5) or up to 50 ppm of IAA (28) have been used 
for tissue culturing of some plants. IAA has been used in concen­
trations as low as 5 ppm (13) to stimulate growth in carrot root 
tissue culture. NAA has also been used to grow tissue culture 
from carrot leaves and root tissue. Coconut milk is used in the 
tissue culture medium along with the auxins (26, 23, 40, 7, 5, 28, 
34). 
Coconut milk is the liquid endosperm material in a coconut. 
It has been used as a growth promoting substance by itself. Caplin 
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and Steward (1948) grew carrot root tissue on medium with coconut 
milk as a promoter (2). 
The structure of the growth promoting material in the coconut 
milk is an unknown factor (34). Steward and Caplin (26), in 1951, 
developed a name for the unknown growth promoting substance in 
coconut milk. They called it Coconut-milk factor, and initialed it 
CMF. Some of the ·chemical·cbaracteristics of the coconut milk are 
known (19, 15). It is thought that there is more than one unknown 
growth substance (chemical) present in the coconut milk. The 
coconut milk will promote growth on various types of plant tissue 
(20, 33). It has been used in growing parsley, carrot, potato, 
tobacco and sunflower callus tissue (35, 25_, 3,  16, 20). Some 
authors believe that the coconut milk factor is also present in 
other plants and in different areas _ of plants (15, 27). The CMF 
itself has a high solubility in water and it is insoluble in ether 
and butanol and is probably an organic substance (15). Some, but 
not all of the active substances in CMF will pass through a dialysis 
membrane (31). The coconut milk itself has some IAA and vitamin 
A in it which could also promote callus growth in some plants (2). 
Autoclaving the coconut milk has been done in some instances and 
not in others. In some cases reviewed, the coconut milk was 
autoclaved (2, 15, 39, 40, 7, 28). Wiggins (39) found that 
autoclaved coconut milk gave the better results when culturing 
carrot root tissue. The concentration of coconut milk in the 
8 
medium varies from 10 to 20 per cent depending upon its use. 
Mauney et. al. (15) used coconut milk concentration of 15 per cent 
in culturing carrot tissue. They found that concentrations higher 
than 15 per cent were inhibitory to the callus growth. Steward and 
Caplin (26) used 2, 4-D and coconut milk together. The coconut milk 
was used at a concentration of 18 per cent while culturing potato 
tubers (26). Sunflower.and tobacco leaves have been cultured on a 
basic medium plus 15 ·per cent coconut milk (20). Carrot tissue has 
been cultured on 10 to 15 per cent concentrations of coconut miik. 
A concentration of 10 per cent has been used in various experiments 
in culturing carrot tissues (19, 5, 28). 
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MATERIALS AND METHODS 
There were three media used in this experiment, Hoagland's, 
White's and Murashige and Skoog's. Hoagland's (14) basic nutrients 
with White's vitamins were used for the first medium. Two per cent 
sucrose by weight and ten per cent coconut milk by volume were 
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added, and Tordon dissolved in water was added to give a concentration 
of 1. 0 ppm. The Tordon was obtained from the Dow Chemical Company. 
Tordon is an organic compound with this formula: (29) 
Cl ' 
0 
II 
N C-OH ,  / 
'er 
NH2 
The scientific name for the compound is 4-amino-3, 5, 6, -trichloro-
picolinic acid. It is a picolinic acid derivitive that was developed 
by the Dow Chemical Company in about 1963 (8). The Dow Chemical 
Company gave this growth regulator _the common name of Tordon. The 
molecular formula of Tordon is c6H3c13N2o2, its molecular weight 
is 241. 5, and in a physical state at room temperature it is a white 
powder with a chlorine-like odor. It decomposes at 215 degrees C 
and has a solubility of 430 ppm in water at 25 degrees C (30). 
For the second medium White's (14) macroelements and vitamins 
were used with Hoagland's micronutrients, and sucrose, coconut milk 
and Tordon were used in the same proportions as stated above. 
Murashige and Skoog's (17) macronutrients, micronutrients, and 
vitamins were used in the third medium. ·Two and one-half per 
cent sucrose, ten per cent coconut milk and 1.0 ppm Tordon were 
also used. 
Coconut milk was removed from coconuts obtained at the local 
super markets and the coconut milk for all three media was prepared 
at the same time. All the milk was heated and filtered before being 
added to the media. ·The pH was adjusted to approximately 5.6 before 
autoclaving. 
Forty milliliters of medium was poured into 125 ml Erlenmeyer 
flasks, and each flask contained an agar agar pill which gave a 
semi-solid medium of 0.8 per cent agar after autoclaving. 
The flasks were stoppered with cotton stoppers and the cotton 
was covered with tinfoil. All the flasks were autoclaved at the 
same time, at _ 15 pounds pressure for twenty minutes. The flasks 
were removed and left standing for twenty-four hours to facilitate 
hardening, and the flasks were then aseptically inoculated with 
portions of carrot leaves. 
Red cored Danvers variety carrot seeds were planted in vermic­
ulite. After the plants had grown for a few weeks, groups of the 
younger leaves were removed and sterilized by placing them in a 
ten per cent solution of calcium hypoclorite. The solution with 
the leaves in it was agitated for ten minutes and leaf material 
was then aseptically transferred into the flasks containing the 
solid medium. 
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Before transferring, all flasks were washed in seventy per 
cent alcohol and then placed in a White-Roomette (Fig. 1). The 
forceps to be used-were submerged in seventy per cent alcohol, 
flamed, and placed back into the alcohol and put into the hood. 
The beaker containing the portions of carrot leaves was also 
placed inside the hood, and it was turned on for about ten minutes 
before the transferring took-place. The hood allowed the use of 
ultraviolet lights an·d forced filtered air to eliminate contam­
ination. The author's hands and arms were washed and rinsed in 
seventy per cent alcohol before being inserted intri the hood. All 
the leaf tissue was transferred into the forty-five flasks within 
fifteen minutes. 
The inoculated flasks were placed on a table and grown under 
laboratory conditions. The room temperature was approximately 
23 degrees Centigrade, plus or minus two degrees. Humidity and 
diffuse lighting also varied due to the use of the laboratory. 
After eight weeks of growth three groups of new liquid media 
were prepared, one group for each of the previously mentioned 
media. The only differences were in the amount of Tordon and the 
cultures were liquid rather than solid since no agar was added. 
Each of the three groups consisted of seven Steward flasks 
and each flask contained thirty ml of liquid medium. Four of the 
flasks in each group had 0. 1 ppm Tordon, and the other three flasks 
contained no Tordon. 
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All these flasks were inoculated with callus tissue that had 
formed on the solid medium. The callus grown on a specific solid 
medium was transferred to a liquid medium of the same composition. 
The medium that the dedifferintiated callus tissue was placed on 
contained only the basic nutrients. There was no Tordon or coconut 
milk present in this medium. Some callus was transferred from 
solid medium containing coconut milk and Tordon directly to solid 
medium without the auxin, but still containing coconut milk. 
The transferring was done under the hood in the same manner 
as the initial inoculation. Immediately after transferring, the 
flasks were placed on a rotating shaker (Fig. 2). All these flasks 
were placed on the bigger wheels which rotate at five r. p. m. 
Some parts of the experiment were repeated to confirm the 
results of the study and also for the purpose of taking pictures. 
216131 ·�OUTH DAKOTA STATE UNl✓ERSITY LIBRARY 
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Figure 1. White-Roomette used in aseptic transfer of material. 
Figure 2. Rotating shaker used in agitating liquid culture. 
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RESULTS 
The leaves on all three solid media wh'ich conta-ined 1 ppm 
Tordon started to curl five days after inoculation. Within seven 
days after inoculation all of the leaves· had curled tightly (Fig. 
3). Callus tissue started to form on the curled leaves on the 
·twelfth day (Fig. 4). Most of th� flasks containing Hoagland's 
nutrient had callus tissue forming on the leav�s by the twelfth 
day, one-half of the leaves on White's nutrient had callus present, 
and Murashige and Skoog's nutrient had not developed callus. 
After three weeks Murashige and Skoog's media had also produced 
callus tissue on the leaves. However, the callus was more evident 
on Hoagland's and White's media, and the amount of callus doubled 
within one week. 
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Four weeks after inoculation with leaves callus had formed over 
their entire surface in Murashige and Skoog's medium. The Hoagland's 
medium produced callus that was similar in appearance to that pro-
. . 
duced by White's medium (Fig. 5), but the Hoagland's mediu� had a 
. greater volume of tissue produced. The differences between the 
three media are shown in Figure 6. 
After eight weeks.of growth there was some variation in the 
size of the callus within each group. Hoagland's medium produced 
the.most callus (Fig. 7) and ten of the fifteen flasks had we11· 
developed growth. Murashige and Skoog's medium had the second 
Figure 3. Comparison of normal and curled leaf. 
Figure 4. Callus tissue forming on the curled leaf. 
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Figure 5.  Typical callus growth of Hoagland's media. 
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Figure 6. Comparison of callus tissue formed on the three media 
after the fourth week. 
Figure 7. Comparison of callus tissue formed on the three media 
after the eighth week. (left to right: Hoagland's 
White's and Murashige and Skoog's) 
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largest amount of callus with seven flasks showing well developed 
callus. White's medium had the least amount of callus growth. 
Callus in six of White's fifteen flasks showed average callus 
growth, and the other nine flasks in the White's group produced 
much less callus. Figure 7 shows a comparison of the callus 
growth on the three media. Table 1 summarizes the results of 
growth on the three medium. 
Transfer of the callus produced on solid medium to liquid 
medium took place during the eighth week of callus growth. On 
the fifth day after transfer Murashige and Skoog's liquid medium 
with no Tordon had produced small roots (Fig. 8). All the roots 
were growing from pieces of callus tissue (Fig. 9). Roots also 
formed on Murashige and Skoog's medium with 0. 1 ppm Tordon after 
seven days. There was less root formation in the medium with 
Tordon than in the medium without Tordon, and the roots also 
remained smaller, ( Fig. 10). The roots in the Murashige and 
Skoog's medium with no Tordon grew rapidly in length and some of 
the roots were three inches long after two weeks (Fig. 11). One 
flask of White's medium with 0. 1 ppm Tordon had produced three 
small roots. 
Cell suspension growth was most pronounced in Murashige and 
Skoog's medium with Tordon (Fig. 12). White's media also produced 
a cell suspension (Fig. 13), but Hoagland's media,_both with and 
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Table 1. Summary of results three media used. 
Solid (2 months) Liquid 
Hoagland's Callus +H-
White's Callus -H-
M & S's Callus -H-
Hoagland's Embryos 
Roots 
White's Embryos 
Roots 
M & S's Embryos 
Roots 
+ Indication of the amount of material produced. 
+++ Greatest amount produced. 
20 
(1 month) 
+ 
+ 
+ 
-H+ 
-H+ 
Figure 8. Roots formed in Murashige and Skoog's liquid 
medium without Tordon. 
Figure 9. Roots growing from callus tissue in Murashige and 
Skoog's liquid medium. 
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Figure 10. Root formed in Murashige and Skoog's liquid media, 
with Tordon. 
22 
Figure 11. Mass of roots in flask containing Murashige and 
Skoog's medium without Tordon. 
Figure 12. Comparison of Murashige and Skoog's liquid medium 
with and without Tordon. (left-no Tordon, right-
0. 1 ppm Tordon) 
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without Tordon, produced very few suspended cells (Fig. 14). 
After one month each medium produced some roots, but Murashige 
and Skoog's medium produced more roots than the other two media. 
Embryo's were produced first by White's medium with no Tordon, 
during the third week of agitation (Fig. 15). The embryos pro­
duced were found in various stages of development (Fig. 16). 
Embryos eventually developed in the other two media. During the 
fourth week, over one hundred embryos in various developmental 
stages were segregated from one flask containing Murashige and 
Skoog's medium with 0. 1 ppm Tordon. Roots were the first structures 
to emerge from the embryos (Fig. 17) and then shoots developed 
(Fig. 18). 
Sections were made of the embryos that developed in the liquid 
cultures and photographs were taken of the sections. Figure 19 
shows the development of the young root and Figure 20 shows the 
cotyledons and the apical tip of the embryo. Figure 21 shows the 
differientiation of the epidermis, cortex and stele of the root. 
Figure 22 represents abnormal growth observed on the epidermis of 
some of the sectioned embryo_s. 
The embryo and root material was transferred to the solid 
medium which did not contain coconut milk or Tordon. When trans­
ferred to the solid medium the embryos developed into mature plants. 
The root material that was transferred came from Murashige and 
24 
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Figure 13. Suspended culture of White's medium with Tordon. 
Figure 14. Suspended culture of Hoagland's medium with Tordon. 
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Figure 15. Embryo formed in White's medium. 
Figure 16. Group of embryos in various stages of development. 
26 
Figure 17. Root developing from an embryo. 
Figure 18. Root and shoots developing from an embryo. 
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Figure 19. Root initial formed in an embryo 
showing cell development of the 
tissue. 
Figure 20. Section of an embryo showing 
cotyledons and the apical 
growing tip. N 
CX> 
Figure 21. Longitudinal section of an embryo 
showing the epidermis, cortex and 
stele of the root. 
v 
Figure 22. Section of an embryo showing 
abnormal growth on the epidermis 
of the hypocotyl. N 
\0 
Skoog's medium without Tordon. The callus material, from which 
the roots evolved in the liquid medium, contained chlorophyll. 
A few weeks after this root forming material Wa.R:-transferred to 
solid medium shoots appeared and mature plants then developed. 
The callus tissue that was placed on solid medium with 
coconut milk developed roots without the use of the liquid 
culturing. The roots grew in all directions and some grew 
vertically out of the callus. No shoots had appeared within six 
weeks when the study was terminated. 
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DISCUSSION 
In this study Tordon acted upon the carrot leaves in a manner 
similar to that of IAA and 2, 4-D. Both IAA and 2, 4-D along with 
other auxins have been used in tissue culturing carrot tissue. 
The stimulation of callus growth seems to be induced by a varied 
range of o�ganic substances. The carrot tissue seems to react to 
Tordon as a stimulating auxin for tissue culture as readily as it 
does the previously mentioned materials. The amount of Tordon 
required to induce callus tissue to develop is similar to the 
amount used in culturing with 2, 4-D, but the amount of IAA re­
quired to induce callus is much higher than the other two (28). 
The callus tissue produced by Tordon is similar in appearance to 
that produced by 2, 4-D. Although various media were used, the 
callus produced by the Tordon was similar on all media. 
· All three media used produced callus that was satisfactory 
for further use and study. Hoagland's nutrients did produce the 
most callus on solid medium but when the callus was transferred 
to the liquid medium the Hoagland's tissue produced very few 
suspended cells. Murashige and Skoog's and White's nutrients both 
produced enough callus on the solid medium to be used for transfer 
and further study, but these two media greatly excelled Hoagland's 
in the amount of suspended cells that were produced in the liquid 
cultures. The reasons for the fact that Hoagland's nutrients 
31 
produced the most callus on solid media could be varied. 
Hoagland's nutrients contains on�y one-half the amount of micro­
elements as Murashige and Skoog's and White's and the higher 
volume of micronutrients could inhibit the callus growth. Also, 
Hoagland's nutrients contains more calcium nitrate than the 
other two media and no ammonium nitrate. 
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The Tordon, the nutrients and the metho� used achieved production 
of single cell suspensions in liquid cultures. The Tordon in 
the low concentrations (0. 1 ppm) seemed to produce enough stimulatory 
effect to induce the callus tissue to continue to divide and produce 
cells. The nutrients, though showing varied amounts of production 
of single cell suspension, supplied enough material to keep the 
suspended cells alive and continued to nourish the newly produced 
cells. The rotating shaker supplied an environment which was 
suitable for cell suspension cultures. The rotation at 5 rpm 
alternately exposed the cells to air and nutrients, and the flasks 
supplied enough area for the cultures to develop. 
The varied amount of suspended cells produced may be explained 
in.several ways. Tordon in the low concentration produced many 
more single cells in all nutrient media than the cultures that did 
not contain Tordon. The Tordon supplied enough auxin effect to 
stimulate the suspended cultures to divide continuously as long as 
the growth regulator was present. The coconut milk was not as 
stimulatory in its effect as Tordon. There were single cells 
produced in the media containing coconut milk but fewer cells 
were produced than with Tordon. 
The nutrient media seemed to have different effects ·on the 
number of single. cells produced. Murashige and Skoog's medium 
produced the most cells, White's was second and Hoagland's pro­
duced very few suspended cells. Murashige and Skoog's nutrients 
contains much more potassium nitrate than the other two media and 
neither Hoagland's or White's nutrients contained any ammonium 
nitrate. The sucrose concentration was also one-half per cent 
higher in Murashige and Skoog's medium. The number of cells 
produced by White's medium was much higher ·than the number pro­
duced by Hoagland's medium. Visual observation showed a closer 
relationship in the number of cells produced between Murashige 
and Skoog's and White's. Both these media have a much higher 
amount of microelements than Hoagland's. These factors may help 
in single cell production in liquid cultures but it could inhibit 
growth of the solid cultures. 
Root formation was more pronounced in two different situations. 
The media without Tordon produced longer roots than the medium with 
Tordon, and Murashige and Skoog's nutrients produced more roots 
than the other two media. The lack of Tordon seems to imply the 
cells had a tendency to differentiate into roots when the growth 
33 
regulator was not present. If the Tordon was not present the 
stimulatory effect to induce suspended cell growth would be 
much less and the cells would have more of a tendency to 
differentiate. This assumption was also shown by the results 
obtained from transferring callus tissue from solid medium 
containing Tordon to solid medium without Tordon. The trans­
ferred callus produced roots·· and the callus mass itself did not 
continue to grow. 
The high amount of root formation in Murashige and Skoog's 
liquid medium is probably due to the greater amounts of potassium 
nitrate and ammonium nitrate. 
Murashige and Skoog's liquid medium also produced the highest 
number of embryos. Over one hundred embryos were counted in one 
flask of Murashige and Skoog's medium with Tordon. The embryo 
formation comes at a later date than the root formation. Tordon 
concentration is probably lower due to breakdown of the substance 
and the increased volume of cells produced. The stimulatory 'effect 
of Tordon and probably coconut milk to a certain extent is enough 
to induce the cells to divide but not enough to keep the cells from 
differentiating into the embryonic structures. The high number of 
embryos in Murashige and Skoog's medium is probably due to the 
ammonium nitrate present. Halperin and Wetherall (6) stated the 
importance of ammonium ions in the medium if embryos are to be 
produced. It must be stated however that Hoagland's and White's 
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media have the ability to produce roots and embryos but in fewer 
numbers. A few embryos were also produced in media without Tordon 
which implys that the coconut milk does play a vital role ih the 
production of these structures. 
Some areas mentioned previously indicate that much more 
extensive study and research could be done in the area of tissue 
culture. Rigid comparisons should be made between the culture 
of tissue with Tordon and other growth regulators. The factors 
which cause all these growth regulators to stimulate growth should 
be studied. 
More media should be used and compared. Some of the elements 
that are thought to help or inhibit growth should be worked with in 
tissue culture and possibly an improved medium could be found. The 
exact growth factors in coconut milk are also subject for further 
research. Different culturing techniques should be developed and 
more tissue culture with the use of Tordon should be carried out 
on a larger variety of plants. If satisfactory research were done 
in all these areas the cycle of tissue culturing could be greatly 
speeded up and the entire process could be improved. 
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CONCLUSIONS 
In this study domestic carrot leaves (Daucus carota var. 
Danvers) were used in tissue culture with the objective of forcing 
somatic cells to produce callus and eventually embryos. The 
growth regulator Tordon on three different nutrient media was 
tested to provide informatio? on its effects in producing callus 
and embryos from somatic cells. 
1. Tordon serves as a satisfactory growth regulator for 
use in tissue culture. It can be substituted for IAA 
or 2,4-D as an auxin. 
2. With the use of Tordon, Hoagland's·solid medium produc�s 
the greatest amount of callus growth. However Murashige 
and Skoog 1 s, and White's solid media also produce adequate 
callus material. 
3. Murashige and Skoog's liquid medium with Tordon produces 
a large number of suspended cells in culture. All cultures 
without Tordon will produce fewer suspended cells. 
4. Murashige and Skoog's liquid medium with Tordon (0. 0 to 
0.l ppm) will produce embryos in a higher number than 
White's and Hoagland's media with Tordon. 
5. The presence of ammonium ions seems to enhance the 
production of embryos in Murashige and Skoog's liquid 
medium. 
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6. Murashige and Skoog's liquid medium without Tordon pro­
duces a higher amount of well dev'eloped roots than White's 
and Hoagland's media. 
7. Embryos produced from carrot leaves will develop into 
mature carrot plants when placed on solid medium 
with required nutrients, _but without Tordon or coconut 
milk. 
8. More research should be carried out with the use of Tordon 
on other types of plants and other media should be tested 
for use in tissue culture. 
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